Abstract. The term 'ultrapure water' is a common way efficiency of the filtration system was a recirculating dextran-blue solution continuously monitored by a UV to define water used for on-line treatments: it refers to the absence of chemical, organic and microbiological detector. The idea was applied also to substitution fluids for HDF, but the on-line control was removed contamination. To be more accurate in definition, every known and potential contaminant has to be fixed due to problems with pyrogens contaminating the dextran solution. Since then, no other on-line microat its limit value. AAMI recommendations and various Pharmacopoeias have set limits for dialysate based on biological control has been proposed, but a great deal of effort has been devoted to improving the quality of traditional dialysis treatments, but on-line treatments should also be regulated by guidelines for infusion water used in the on-line HDF treatment modality. solutions. Modern water treatment technology allows us to obtain a proper chemical quality both for dialysate and infusion solutions in on-line dialysis. Which water quality?
Introduction
is derived from clinical evidence supported by documented references of illnesses or symptoms related to Haemodiafiltration (HDF ) with reinfusion of on-line contamination [4] [5] [6] . produced substitution fluid is a way of increasing the Chemical contaminants have been documented as combined convection and diffusion [1] . Notwith-causing several clinical effects including nausea and standing theoretical improvements, clinical, technical vomiting (calcium, magnesium, nitrates, copper, suland economic reasons have limited the spread of this fates, zinc), muscular asthenia (calcium, magnesium), treatment modality. On-line production of substitution metabolic acidosis (sulfates), hypotension (nitrates), fluid without the need for stocking huge volumes of hypertension (calcium, sodium), anaemia (aluminium, water or for connecting several bags offered the oppor-copper, zinc), haemolysis (chloramines, nitrates, tunity to solve part of the problem and to decrease copper), neurological problems (aluminium, calcium, costs.
magnesium, tin), encephalopathy (aluminium), fever In 1983, Shaldon [2] proposed the infusion of a (copper) and bone alterations (aluminium, cadmium, dialysate-derived sterile and pyrogen-free solution to manganese, fluoride). To prevent problems, national allow maximal inexpensive infusion in on-line haemo-standards [7, 8] have been defined as limit values for filtration treatments. The on-line control for the each contaminant ( Table 1) . It should be noted that several other substances which are not included are
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have to be adhered to ( Table 2) and assured, as tap Table 1 . Water for diluting concentrated haemodialysis solutions: and reach 3.57 EU/ml for hypertonic solutions. A limit values [8] study of endotoxin concentrations in commercially available injection solutions and substitution fluids Which water treatment system? Table 2 . Limit values for water for dilution, derived from Italian If there is the evidence to support water quality in drinking water legislation [9] HDF, a major concern has to be with the dialysis water treatment system. Several technologies are on standards is also required. The selection of a system is based on the source of water in the unit, taking into account seasonal and water represents, in most cases, the basic product for episodic variation in water quality in the region. dialysate or infusion solutions and because many of Reverse osmosis is the optimal treatment [19, 20] for these chemicals are potentially toxic. microbiological quality, and also for chemical quality, Microbiological contamination has been demontaking into account that a recontamination will take strated to cause acute and chronic problems ranging place from concentrated salts added in preparing the from septicaemia, fever, headache, myalgia and hypofinal dialysate. Recently, a continuous deionization tension to the side effects of a chronic inflammation system has become available and, in combination with such as amyloidosis, osteopenia and catabolism. Acute reverse osmosis, as a downstream polisher, it has been symptoms are related directly to the amount of contamshown to result in a device able to produce haemoination [10], while chronic side effects, well explained dialysis water with the best compliance with standards in terms of mechanism of appearance [11] [12] [13] [14] , are still
[21] as well as pharmaceutical-grade water [22] . Our being discussed with regard to the possibility of being local experience with a double reverse osmosis in series linked to a pre-defined quantitative level of contamina- ( Table 4 ) supports the contention that this combination and possible ways of prevention. In the search tion represents, based on a cost-effectiveness ratio, the for a marker of contamination that could be used most appropriate solution as it combines optimum in relating clinical effects to contamination, intermicrobiological results with excellent purification, and leukin-1 receptor antagonist (IL-1Ra) recently has still offers the opportunity to produce acceptable water been proposed [15, 16 ] .
in the case of breakage of an osmosis module. Based Studies are therefore ongoing to relate contaminaon such results, our standard for a water treatment tion and chronic clinical effects exactly, but meanwhile system is represented by a double softener, double Pharmacopoeia values for dialysate and infusion granular charcoal filter and a double reverse osmosis solutions ( Table 3) represent the standards to help in module; the different devices are coupled in series. The preventing acute effects and the basal starting point distribution loop is made with AISI 316L stainless for a good quality on-line solution in HDF.
steel or PVDF, with microfiltration at the end. Concentrated salts added to a sterile solution Disinfection is done automatically with chemicals represent the most important cause of microbiological (sodium hypochlorite or peracetic acid ) in the precontamination, and this is reflected in the limit values treatment section and with hot water in the distribution for endotoxins that vary from 0.25 EU/ml for infusion fluids (distilled water) to 0.50 EU/ml for normal saline, loop, according to reported experience [23] . AAMI=American National Standards [7] ; Ital F=Italian Pharmacopoeia IX Edn. [9] ; Eur P=European Pharmacopoeia [8] ; NF=not fixed. 
How can quality be guaranteed at the point of use? Which quality control?
The main problem in trying to set up a quality control If proper systems and pure materials are pre-conditions for successful results, ultrapure water has to be avail-for on-line treatments is the actual impossibility of real-time monitoring of microbial contamination. In able at the point of use, and this is linked to the control of dialysis monitor contamination. Further some industrial fields, systems are used to detect the degree of microbial contamination rapidly, but these concern derived from recent studies showing that even a negative LAL test is unable to exclude all bacterial-systems are not sensitive enough to test real-time sterility and especially apyrogenicity. Therefore, actual derived products. Tsuchida [24] reports the presence in dialysate of peptidoglycans from Gram-positive monitoring of on-line treatments is based only on a subsequent microbiological control. To avoid problems and -negative bacteria that are LAL test negative and show pyrogen activity. Laude-Sharp [25] has found from this still unresolved deficiency, a quality assurance procedure has to be founded on appropriate maintenbacterial fractions in the mol. wt range 1000-3000 kDa in a spent dialysate, which are LAL negative but are ance, monitoring, cleaning and sanitizing procedures for the whole production chain ( Table 6 ). An able to induce cytokine production from human monocytes. Lonnemann [26 ] has found tumour necrosis appropriate selection of laboratory methods to detect bacteria and their fractions properly is by no means factor ( TNF )-inducing fractions with a mol. wt of <5 kDa passing by backdiffusion from dialysate to of secondary importance, as adequate culture media PS=polysulfone; PA=polyamide; LRV=logarithmic reduction value for endotoxins derived from the ratio between EU/ml in the tested solution and in the ultrafiltrate. Experimental conditions in test solution: log bacterial count=7; log endotoxins=4. 
